Abstract Purpose: To investigate the protective effect of rhamnopyranosyl vanilloyl (RV) from Scrophularia ningpoensis root against tetrachloromethane (CCl4)-induced acute liver injury (ALI) in mice.
INTRODUCTION
Liver, the biggest parenchymatous organ in the human body, plays important roles in free radical metabolism, glycogen storage, secretory proteins and bile synthesis, and detoxification function. These liver functions can be damaged by liver diseases such as hepatitis, fatty liver, liver cirrhosis and liver cancer. Injury of liver cells is the common pathological foundation of liver diseases [1] .
Currently, the main therapy of liver diseases is drug treatment, which requires long-term use of drugs [2, 3] . However, the long-term use of drugs will result in development of drug resistance, which causes the loss of potency of drugs [4] . Thus, it is urgent to find new, safe and effective drugs to treat liver diseases.
Natural medicines are important resources to find effective drugs for treating liver diseases. Scrophularia ningpoensis Hemsl. (Scrophulariaceae) has many pharmacological activities such as analgesic, hepatoprotective, anti-oxidative, anti-fatigue, anti-cancer and anti-hypertensive activities [5] [6] [7] [8] 
Chemicals and reagents
Analytical grade reagents (chloroform, methanol and ethanol), D101 macroporous resin and slica gel were purchased from Qingdao Haiyang Chemical Co., Ltd (Qingdao, China). Dimethyl sulfoxide (DMSO) and CCl 4 were purchased from Sigma-Aldrich (Shanghai, China). Bifendate dripping pills were purchased from Beijing Union Pharmaceutical Factory (Beijing, China). Enhanced BCA Protein Assay Kit was purchased from Beyotime (Shanghai, China). ALT, AST, TBIL, MDA, GSH, SOD and GSH-Px enzymelinked immuno sorbent assay (ELISA) kits were obtained from Lengton (Shanghai, China) and Biodee (Beijing, China). Primary antibodies for β-actin, Bcl-2, Bax and caspase-3 and HRPconjugated goat anti-rabbit antibody were purchased from Abcam (Cambridge, UK) and Cell Signaling Technology (Beverly, MA, USA).
Animals
Male ICR mice (20 ± 2 g) were purchased from Laboratory Animal Centre of Zhengzhou University. All experiments involving animals were conducted in accordance with the National Institute of Health Guide for the Care and Use of Laboratory Animals [9] . All animal experiments were approved by the Ethics Committee of the Fifth Affiliated Hospital of Zhengzhou University (protocol no. ECFAHZZU20141207). The animals were housed in a room at a relative humidity of 50 -60 %, temperature of 25 ± 2 ºC and 12 h light/dark cycle, and received food and water ad libitum.
Isolation of RV
An air-dried S. ningpoensis root (10 kg) was powdered and extracted 4 times with refluxing 95 % ethanol to yield 873 g residue after evaporation of the solvent under reduced pressure. The residue was dissolved in water and then subjected to D101 macroporous resin column eluting with gradient ethanol: water. The fraction which was eluted with ethanol:water (95:5) was evaporated under reduced pressure to obtain eluate (88 g). Then the eluate was subjected to column chromatography over slica gel (100 -200 mesh), and eluted with gradient chloroform: methanol to give 4 fractions. Fraction 3 was subjected to column chromatography over silica gel (100 -200 mesh) eluting with gradient chloroform: methanol to obtain RV (21 mg). The purity and chemical structure of RV were verified and identified by area normalization method of high performance liquid chromatography (HPLC) and nuclear magnetic resonance (NMR) data, respectively. The separation process was repeatedly carried out to obtain enough RV, dissolved in 0.5 % DMSO to get different concentrations for different experiments.
Grouping, treatment and modeling
Male ICR mice were randomly divided into 6 groups (n = 10): normal, control, positive and three RV groups. Mice in the normal and control groups were orally administrated with 0.5 % DMSO once a day for 7 days. Mice in the positive group were orally administrated with bifendate dripping pills at dose of 200 mg/kg once a day for 7 days. Mice in the three RV groups were orally administrated with RV at doses of 10, 20 and 40 mg/kg once a day for 7 days, respectively. The volume of oral administration was 0.2 mL/10 g. After 2 h followed by treatment with drugs on 7th day, mice in the normal group were intraperitoneally injected with olive oil (0.1 mL/10 g), and mice in other groups were intraperitoneally injected with 0.2 % CCl 4 solution (0.1 mL/10 g) diluted in olive oil. After fasting for 16 h, the body weight of each mouse was measured and the orbital blood of each mouse was collected. After collecting blood, the mice were immediately sacrificed by decapitation for collecting liver tissue.
Determination of ALT, AST and TBIL activities in serum
The orbital blood was centrifuged at 4000 r/min for 10 min at 4 °C, and then the supernatant (serum) was collected and used to determine the ALT, AST and TBIL activities. The ALT, AST and TBIL activities were determined by corresponding ELISA kits according to the manufacturers' instructions.
Determination of liver index and LPO-related indices
The liver tissue of mice was washed with cold normal saline, blotted dry, weighed, and homogenized in cold normal saline to obtain 10 % liver tissue homogenate. This homogenate was centrifuged at 4000 r/min for 10 min at 4 °C, and then the supernatant was collected and used to determine the MDA and GSH levels and the SOD and GSH-Px activities by corresponding ELISA kits according to the manufacturers' instructions. Liver index was calculated as the liver weight/body weight ratio.
Determination of Bcl-2, Bax and caspase-3 proteins levels
Bcl-2, Bax and caspase-3 proteins levels in liver tissue were determined by Western blot. The total proteins of liver tissue were extracted and then the concentration was determined using Enhanced BCA Protein Assay Kit. Total proteins (about 35 μg) were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and then transferred onto a polyvinylidene difluoride (PVDF) membrane. After blocking with 5 % fatfree milk, PVDF membranes were incubated with the corresponding primary antibodies for β-actin, Bcl-2, Bax and caspase-3 overnight at 4 °C. Subsequently, the PVDF membranes were washed and incubated with HRP-conjugated goat anti-rabbit antibody at room temperature for 2 h. Then, proteins were detected by chemiluminescence detection. β-actin was used as an internal control for equal protein loading.
Statistical analysis
All data are presented as mean ± standard deviation (SD). Differences between two groups were analyzed by one-way ANOVA using SPSS 21.0. Differences were considered as statistically significant at p < 0.05 or 0.01.
RESULTS

Purity and chemical structure of RV
The purity of RV was 98.3 % verified by area normalization method of HPLC, and it was identified by comparing the NRM data with the existing literature [10, 11] . The chemical structure is shown in Figure 1 . 
Effect of RV on liver index
As shown in Figure 2 , the liver index (6.68 ± 0.61 %) in the control group was significantly (p < 0.01) higher than that in the normal group (4.85 ± 0.24 %), and the liver index (4.99 ± 0.29 %) in the positive group was significantly (p < 0.01) lower than that in the control group. After treatment with RV (10, 20 or 40 mg/kg), the liver index (5.65 ± 0.25 -5.21 ± 0.25%) was significantly (p < 0.01) decreased, compared with that in the control group.
Effect of RV on serum ALT, AST and TBIL
As presented in Table 1 , the ALT, AST and TBIL activities in the control group were significantly (p < 0.01) higher than those in the normal group, and the ALT, AST and TBIL activities in the positive group were significantly (p < 0.01) lower than those in the control group. After treatment with RV (10, 20 or 40 mg/kg), the ALT, AST and TBIL activities were significantly (p < 0.01) decreased, compared with those in the control group. 
Effect of RV on MDA, GSH, SOD and GSH-Px levels or activities
As shown in Table 2 , the MDA level in the control group was significantly (p < 0.01) higher than that in the normal group, and the GSH level and the SOD and GSH-Px activities in the control group were significantly (p < 0.01) lower than those in the normal group. The MDA level in the positive group were significantly (p < 0.01) lower than that in the control group, and the GSH level and the SOD and GSH-Px activities in the positive group were significantly (p < 0.01) higher than those in the control group. After treatment with RV (10, 20 or 40 mg/kg), the MDA level were significantly (p < 0.01) decreased, and the GSH level and the SOD and GSH-Px activities were significantly (p < 0.05 or 0.01) increased, compared with those in the control group.
Effect of RV on Bcl-2, Bax and caspase-3 proteins levels
As shown in Figure 3 , the Bcl-2 protein level in the control group was significantly (p < 0.01) lower than that in the normal group, and the Bax and caspase-3 proteins levels in the control group were significantly (p < 0.01) higher than those in the normal group. The Bcl-2 protein expression in the positive group was significantly (p < 0.01) higher than that in the control group, and the Bax and caspase-3 proteins expressions in the positive group were significantly (p < 0.01) lower than those in the control group. After treatment with RV (10, 20 or 40 mg/kg), the Bcl-2 protein level was significantly (p < 0.01) increased, and the Bax and caspase-3 proteins levels were significantly (p < 0.01) decreased, compared with those in the control group.
DISCUSSION
CCl 4 -induced ALI is an accepted model for investigating the protect effect of drugs against liver injury [12] . The mechanisms of CCl 4 -induced ALI were related to the generation of free radicals and activated oxygen species, LPO, denaturation of proteins, DNA damage and induction of apoptosis [13, 14] . Based on the fact that bifendate dripping pills, commonly used to treat liver diseases, can relieve the CCl 4 -induced ALI, it was used as the positive control drug in this work [1, 15] .
Liver index can macroscopically reflect liver functions, and liver index is increased in mice with CCl 4 -induced ALI [16] . Generally, ALT and AST are mainly distributed in liver cells, and the ALT and AST are released from liver cells to blood in rats with CCl 4 -induced ALI [17] . The ability of liver to conjugate and excrete bilirubin is increased after liver injury, resulting in the increase of TBIL level in blood [18] . The level of MDA, an important product of LPO, can reflect the degree of tissue LPO damage, and the MDA level is increased in liver tissue of mice with CCl=-induced ALI [19] . SOD inhibits the free radicals-mediated LPO. GSH-mediated hydrogen peroxide reduction reaction, which can protect the structure and function of cytomembrane, is catalyzed by GSH-Px [20] . Therefore, SOD, GSH and GSH-Px exhibit protective effects against LPO damage. The GSH level and the SOD and GSH-Px activities in liver tissue of mice with CCl 4 -induced ALI are decreased due to the occurrence of LPO [19] . Anti-apoptotic protein (Bcl-2) and pro-apoptotic proteins (Bax and caspase-3) play important roles in mitochondriamediated apoptotic pathway [21] . After CCl 4 -induced liver injury, the Bcl-2 protein level in liver tissue is decreased and the Bax and caspase-3 proteins levels are increased due to the CCl 4 -mediated apoptosis of liver cells [14, 22] .
In the present study, after mice were intraperitoneally injected with CCl 4 , liver index, ALT, AST and TBIL activities in serum and MDA, Bax and caspase-3 levels in liver tissue were increased, and GSH, Bcl-2, SOD and GSH-Px levels or activities in liver tissue were decreased.
The results indicate that the CCl 4 -induced ALI model was successfully established by inducing LPO and apoptosis of liver cells, which was similar to the previous reports [12] [13] [14] . After mice with CCl 4 -induced ALI were treated with positive drug (bifendate dripping pills), the changes of above indices were reversed. The results suggest that the positive drug showed protective effect against CCl 4 -induced ALI by inhibiting LPO and apoptosis of liver cells, which was similar to the previous reports [1, 15] . After mice with CCl 4 -induced ALI were treated with RV, the changes of above indices were also reversed, suggesting that RV shows protective effect against CCl 4 -induced ALI in mice by inhibiting LPO and apoptosis of liver cells.
CONCLUSION
RV displays significant protective effect against CCl 4 -induced ALI in mice. The mechanisms of this action might be related to the inhibition of LPO and apoptosis in liver cells. Thus, RV is a potential drug for the treatment of liver injury. This, however, needs to be further investigated to ascertain the actual potentials of RV.
